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Introduction
Scenic beauty is an important and indispensable natural resource to human (Denker 2004) and as such the aesthetic value of landscape is often taken into account in forest planning de-such as experience, education, age and cultural background, were important in determining scenic beauty (Kaplan & Kaplan 1989 , Ribe 2002 , Kearney et al. 2008 . However, others such as Gruehn & Roth (2010) , Roth (2012) and Frank et al. (2013) concluded that personal factors did not significantly affect the SBE values. Furthermore, Cañas et al. (2009) found that students, neighbourhood residents, and university hall residents had no significant differences in scenic beauty values. Therefore, planners, analysts, silviculturists and geographers need to understand the scenic beauty estimations (SBE) (Ribe 2009 , Pâtru-Stupariu et al. 2010 . In China, landscape quality estimation was studied by Lu et al. (1985) in Zijin Mountain in 1960s, and the research has become one of the hottest research topics since 1990s with the development of forest recreation in the country.
The European Landscape Convention classifies landscape into five types: degraded landscape, everyday landscape (common), good quality landscape, high quality landscape, and outstanding landscapes (ELC 2000) . However, Chen and Wang (2001) concluded that forest landscapes should be divided into seven types, viz., detail landscape, individual landscape, instand landscape, forest-lined road landscape, foreground landscape, mid-ground landscape, and far-away landscape. Parameters for various landscape attributes have been studied, but it is difficult to decide which attributes affect landscape perception and how important each attribute is in deciding the whole landscape quality (Williams et al. 2007) . Natural landscapes (i.e. water body and forest) contributed more to aesthetic values than semi-natural and human-dominated landscapes (Yang et al. 2014) . Visual features are affected not only by natural factors, but also by the configuration, especially by the diversity and richness, and by the color, form and spatial structure (De la Fuente De Val et al. 2006 , Tveit et al. 2006 . Chen & Jia (2003) found that form and arrangement of tree trunks, dead trees and fallen woods, coverage and uniformity of undergrowth, and degree of slope were the main factors affecting the quality of in-stand landscapes in the mountain area of West Beijing, China. In terms of uniformity of undergrowth, regular undergrowth adds aesthetic value (Chen & Jia 2003 , Yan et al. 2009 ). Silvennoinen et al. (2002) and Bradley et al. (2004) found that thinning could increase moderate scenic beauty, while Brown & Daniel (1986) , Ribe (2009 ), Li et al. (2011 concluded that increased scenic beauty could be expected with larger trees.
In China, researchers found that the main factors which affected the in-stand landscape quality were not so identical because of different study areas, diverse types of vegetations, and different study methods. However, they tended to share a same view that stand density and coverage of undergrowth were the main factors affecting the scenic beauty of instand forest (Chen & Jia 2003 , Zhang 2003 , Wang & Luo 2004 , Gu et al. 2008 , Yan et al. 2009 ). Most of the studies about forest landscape quality were taken place in northern and eastern China, and there have been very few reports of study in southern China. We have therefore chosen natural secondary forests in Shenzhen city in the southern most of mainland China as the research site. The objectives of this study were (1) to determine the effects of forest landscape attributes on in-stand scenic beauty of natural secondary forests, (2) to investigate the influence of personal factors (i.e. gender, age and education) on the scenic beauty estimation (SBE) and (3) to find out how to adjust the forest structure and improve the in-stand landscape quality.
Materials and methods

Study area
The study area, Shenzhen City, Guangdong province, China, is situated between 22º27´ N and 22º52´N latitude and between 113º46´ E and 114º37´ E longitude, and has a total area of 1991.64 km 2 (Chen et al. 2013 (Chen et al. 2013 ).
Forest sample
The study was limited to 23 stand-level cases of natural secondary forests at Shenzhen Yangtaishan Forest Park, Shenzhen Wutongshan National Park, Shenzhen Paiyashan Nature Reserve, Xiao Meisha Fung Shui woodlands, and Meilin Reservoir (see Fig. 1 ). The crown density, aspect, degree of slope, altitude, longitude and latitude of these sites were described in Table 1 . Average crown density was 0.8. Average density was 3646 stems per hectare. Richness of arbor averaged 9.7. Visible distance averaged 23 m. Arbor diameter at breast height averaged 10.6 cm. Arbor tree height averaged 6.7 m. Arbor height to the first branch averaged 2 m. Coverage of undergrowth averaged 57.7 %. Height of undergrowth averaged 0.6 m. Degree of slope averaged 19.3°. The stand means, standard deviations and variables of these sites are described in Table 2 .
Surveying stand structure
Measurements of stand structure were taken in 2012 with quadrate 0.12-ha plots (30 m×40 m). Crown density, species, diameter at breast height (dbh), tree height, height under first branch, the number of dead trees, coverage of undergrowth, bark color, form of trunk, uniformity of undergrowth, height of undergrowth, visible distance, and degree of slope were assessed.
Crown density was measured within each plot by taking measurements at 5 evenly spaced points (Ganey & Block 1994) . Tree height for all trees >1.5m was registered by species, and marked as live or dead. Diameter was measured at 1.3 m above the ground with a diameter tape to the nearest 0.1 mm. Height to the first branch was measured to the nearest 0.1 m. The dead trees were tallied. Uniformity of undergrowth was estimated visually by eye.
Undergrowth was recorded for 3 species groups: grasses, forbs, and shrubs (Brown & Daniel 1986 ). Height of undergrowth was measured to the nearest 0.1 m. The degree of slope was measured by using a DQL-5 compass. Bark color and form of trunk were assessed visually by eye.
Field photography
To guarantee repeatability of the study, all photographs were taken according to the following principles. (1) All photographs were taken between 9:00 a.m. and 4:00 p.m., when the sun was high enough to supply sufficient light and did not cause overfull shadows. (2) All photographs were taken in 23 different plots using a digital single lens reflex camera with 24 mm lens and with the aid of a tripod standing at the height of 1.6 m. (3) The photographs did not include people, wildlife, roads and rocks because they could affect the scenic quality. (4) A range pattern of eight points was applied for photo plot near all the edges. Eight pictures were taken at the eight points in their orientations toward the middle of the plots (Ribe 2009 ). Finally, 44 pictures which were distinct, typical and no defend offend were picked out to make the lantern slides.
Observers
Landscape estimations were carried out by 92 observers who had landscape, forestry or botany background. Their personal data such as gender, age and education level were recorded. The age range was 19-57 years with an average of 30.8. Both male and female participated, of which 47 (51%) were male and 45 (49%) were female. They were divided into three groups of about 30 each.
Estimating scenic beauty
The lantern slides taken at each sample point were shown to groups of respondents who rated them on a 7-point scale (-3 to +3); -3 indicated "very low scenic beauty" and +3 indicatLocations of five forest parks in Shenzhen city where the study was conducted Figure 1 ed "very high scenic beauty". Each slide rating session began with the reading of standardized instructions and presentation of preview slides which depicted the range of slides to be rated subsequently. The rated slides were exposed at random for 8 seconds and the respondents recorded a judgment on a sense-mark sheet. The second part of the questionnaires included personal background, e.g. gender, age and education. The three rating sessions were held separately at the South China Agricultural University and Research Institute of Tropical Forestry, Chinese Academy of Forestry in Guangzhou.
Statistical analyses
Individual ratings were transformed to standard (z) scores by the following formula (Chen & Jia 2003 ):
where: Z ij -standardized (z) score for the i th rating response of observer j, R ij -i th rating of observer j, j R -mean of all ratings by observer j, S j -standard deviation of all ratings by observer j. Analysis of variance was performed using SPSS 19.0. Multivariate linear regression was Information on selected variables for in-stand landscape in Shenzhen city used to build the model for explaining variance in SBE values.
Results
Assessing the impacts of the major landscape variables to scenic beauty
The major factors affecting SBE values were crown density, plant litter, colour of trunk, Note. Superscript significance: a -standard deviation; b -an ordinal variable, where 1 -color of trunks is grey, 2 -brown, 3 -white, 4 -yellow, 5 -green; c -an ordinal variable, where 1 -major color is green, 2 -g rey; d -an ordinal variable, where 1 -richness of color is abundance, 2 -ordinary, 3 -singularity; e -an ordinal variable, where 1 -litter is striking, 2 -commonly, 3 -few; f -an ordinal variable, where 1 -dead trees or fallen woods is striking, 2 -commonly, 3 -few; g -an ordinal variable, where 1 -form of trunks is straight, 2 -ordinary, 3 -crooked; h -an ordinal variable, where 1 -dominant tree species is over 80%, 2-50%-80%, 3 -<50%; i -an ordinal variable, where 1 -interlayer plant is abundance, 2 -commonly, 3 -few; j -an ordinal variable, where 1 -uniformity of undergrowth is unified, 2 -comparatively unified, 3 -not unified; k -an ordinal variable, where 1 -trees are overmature forest, 2 -mature forest, 3 -near-mature forest, 4 -middle-aged forest, 5 -young forest; l -an ordinal variable, where 1 -attainability of stands is high, 2 -ordinary, 3 -low; m -an ordinal variable, where 1 -health condition is healthy, 2 -subhealthy, 3 -sickness; n -an ordinal variable, where 1 -status of growing is Flourishing, 2 -common, 3 -poor. (Table 3 ). All five factors significantly explained differences in scenic beauty, and together explained 45% of total variance in SBEs. The tolerances were over 0.5, and VIFs were less then 5, so the regression model was valid. Because the linear correlation between the five factors and SBEs was prominent (Table 4 , F = 8.059, P < 0.001) the linear models could be established.
Information on selected variables for in-stand landscape in Shenzhen city
The histogram of regression standardized residual basically obey normal distribution (Fig.  2) . All spots were basically laid in a relatively straight line, and the hypothesis which obey the normal distribution was correct (Fig. 3) . The variation range of regression standardized residual remained stable, and the residual variance was equal (Fig. 4) .
On the whole, the major variables were crown density, plant litter, colour of trunk, richness of arbor, and visible distance in the natural secondary forests, and the model was accurate. Increased scenic beauty of the natural secondary forests could be expected with rise in crown density, fall in litter, fall in richness of arbor, raise in visible distance, and glow in color of trunk.
Analyzing the influence of personal factors in scenic beauty estimation
The first personal factor analyzed was the personal qualification. The histograms show that the ratings of their variability for undergraduates, postgraduates, and experts were similar. The Kruskal-Wallis-Test revealed that the asymptotic significance (P = 0.572) was greater than 0.05, so there were no significant differences in the SBE values of undergraduates, postgraduates and experts (Fig. 5) .
The individuals were divided into three age groups, less than 30 years old, 30-40 years old, and more than 40 years old. The Kruskal-Wallis-Test revealed that the asymptotic significance (P=0.328) was greater than 0.05, so the second personal factor, i.e. age, did not affect the SBE values significantly. The ratings of three age groups were congruent, and only slight divergences were found (Fig. 6) .
The third personal factor analyzed was gender. Average SBE values for the 44 pictures of 23 sites are presented in the histograms (Fig.  7) . The analysis indicated statistically significant differences among pictuers. There was a clear trend in the SBE values between women and men, and slight divergences (only no. 4, 18, 30 and 43) were found (Fig. 7) . A Mann-Whitney U-test revealed that the asymptotic significance (P=0.927) was greater than 0.05, so there were no significant differences in the SBE values of women and men did not affect the values significantly.
Discussion
The impacts of the major landscape variables to scenic beauty
In the natural secondary forests in Shenzhen city, greater crown density, less litter, more richness of arbor, further visual distance and light color of trunk were found to contribute to aesthetic improvements. In the study, the plant litter is an important factor for the in-stand landscape quality. Results are similar to the conclusion of previous studies that less litter would contribute to aesthetic improvements (Vodak et al. 1985 , Arthur 1977 , Brown & Daniel 1986 , Wang & Luo 2004 .
The results indicated that scenic beauty was not correlated with form of trunks, which is similar to the view of Huan (2012) . However, the surveys which indicated that in-stand scenic beauty with straight trunks was better, and that with crooked trunks was worse, were supported by Chen and Jia (2003) , Wang and Luo (2004) , Gu et al. (2008) , Yan et al. (2009) and Yang et al. (2012 Table 3 Table 4 Scatter diagram between regression standardized predicted value and regression standardized residual
Figure 4
The scenic beauty estimation (SBE) method has been applied to predict scenic beauty. Landscape values represented by digital videos, color slides or pictures are rated using a 10-point rating scale, and a multivariate linear regression model is constructed to explain the variance in SBE values (Daniel & Boster 1976) . The method has been corroborated by abundant experimentation with planner, user and professional groups (Daniel & Boster 1976 , Brown & Daniel 1986 , Ribe 2009 ), but it had some shortcomings such as the immaturity of research methodology, insufficient understanding of the composition of forest beauty, and improper selection of forecast factors. In this study, with the rise in crown density, the SBE values would improve, which is similar to the view of Jia (2012) . It appears that the greater crown density increases the mystery of natural secondary forests, and most people prefer them. However, Zhang (2007) concluded that the crown density did not affect the scenic beauty significantly, while Hull and Buhyoff (1986) , Wang and Luo (2004) , Gu et al. (2008) and Deng (2010) found that crown density was negatively related to the SBE values. The reasons maybe due to different forest types in different studies. Further visual distance is helpful to improve the scenic beauty values of the stands in the study, which is similar to the view of Deng (2010) . Yang et al. (2012) also found that further visual distance contributed to aesthetic improvements. In general, more dead trees or fallen woods, taller undergrowth, and greater slope would decrease the visual distance, People feel cramped or have depressive feelings, and develop a less favorable attitude.
Our results indicated that dead trees and fallen wood had no impact on in-stand landscape quality, which is contrary to those obtained by Arthur (1977) , Vodak et al. (1985) , Brown & Daniel (1986) and Chen & Jia (2003) who thought that dead trees and fallen woods may be problematic in impacting scenic beauty. While Rudis et al. (1988) found that a limited number of fallen woods could improve forest scenic beauty.
Influence of personal factors on SBE values
Almost all observers responded similarly in the forest landscape quality. Personal factors -gender, age and education -did not affect the ratings of landscape photos significantly, which is similar to previous scientific results (Green & Tunstall 1992 , Marylise 2013 , Frank et al. 2013 ), but we found that some variations were affected by some personal factors. Fig.  8 (a) was in-stand forest landscape of Adina pilulifera + Psychotria asiatica community, the average height was about 3.8 m, the plant litter was more, and the visual distance was short. Fig. 8 (b) was in-stand forest landscape of Machilus chinensis + Sarcosperma laurinum + Cinnamomum camphora community, the tree age was older, about 50-100 years old, the mean height was about 20 m, the visual distance was long, and the species were rich. Fig. 8 (a) (SBE values = 0.58) was found to be "very ugly" by most of the observers, but it was found to be "very beautiful" by others. Similarly, most of the observers found Fig. 8  (b) (SBE values = -1.16) "beautiful" or "very beautiful", but others found it "very ugly". 
Conclusions
This research has some important methodological and visual forest management implications. The major factors affecting in-stand SBE values of natural secondary forests were crown density, plant litter, colour of trunk, richness of arbor and visible distance. People can increase the visual distance by pruning branches and clearing plant litter, which subsequently improve the scenic beauty values and forest health, and contribute to forest recreation.
